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ABSTRACT 


Results  of  free-flight  range  tests  of  the  20-mm  M56A2-M505E3  shell 
over  a  Mach  number  range  from  1. 24  to  4.  67  and  at  simulated  altitudes 
up  to  60,  000  ft  are  presented.  Measurements  indicate  that  the  arming 
ball  rotor  of  the  M505F3  fuze  can  have  a  pronounced  adverse  effect  on  the 
damping  characteristics  of  the  shell,  with  the  severity  becoming  greater 
with  increasing  altitude. 
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SECTION  I 
INTRODUCTION 


A  20-mm  shell  currently  used  by  the  Air  Force  has  a  fuze  section 
that  contains  a  moving  arming  ball  rotor.  In  ballistic  range  tests  con¬ 
ducted  several  years  ago  at  atmospheric  pressure  (Refs.  1  and  2), 
adverse  effects  of  the  moving  ball  on  the  damping  characteristics  of  the 
shell  were  detected.  In  more  recent  range  tests  at  Mach  numbers  up  to 
about  3.0  and  for  simulated  altitudes  up  to  50,000  ft  (Ref.  3),  somewhat 
larger  destabilizing  effects  attributable  to  the  ball  fuze  were  indicated. 

A  recent  study  made  at  Eglin  Air  Force  Base  indicated  that  the  insta¬ 
bilities  of  the  20-mm  shell  at  higher  Mach  numbers  (around  4.  0)  and. at 
high  altitudes  could  be  quite  critical.  Yaw  angles  greater  than  45  deg 
and  dispersions  in  the  trajectory  of  several  feet  were  predicted  to  be 
possible  within  the  first  1000  ft  of  shell  travel.  The  computations  incor¬ 
porated  extrapolations  of  the  limited  aerodynamic  test  data  of  Ref.  3. 

In  consideration  of  the  significance  of  the  questionable  stability  of  the 
20-mm  shell  for  high  altitude  fighter  aircraft  application,  RTD  requested 
in  March  of  1965  that  tests  of  the  20-mm  shell  be  conducted  in  the  VKF 
1000-ft  hypervelocity  range  (Armament  Test  Cell,  Hyperballistic  (G)). 

The  data  required  from  the  1000-ft  flights  were  velocities,  yaw  angles, 
and  shell  positions  as  functions  of  time  or  distance  traveled.  Although  the 
spacing  of  the  shadowgraph  stations  in  Range  G  was  selected  for  testing 
statically  stable  configurations  (in  contrast  to  spin-stabilized  projectiles), 
it  was  felt  that  the  desired  data  could  be  satisfactorily  obtained.  Later,  in 
examining  the  data,  it  was  shown  that,  with  the  exercise  of  particular  care, 
the  measured  yawing  motion  of  a  series  of  the  test  shots  could  be  satisfac¬ 
torily  '’fitted''  to  permit  obtaining  stability  derivatives.  The  derivatives, 
along  with  drag  coefficients  obtained,  are  felt  to  be  significant  and  are  pre¬ 
sented  in  this  report  with  the  measured  angular  orientation  and  trajectory 
data  for  the  shell. 

Tests  of  the  20-mm  shell  were  conducted  over  a  Mach  number  range 
from  1.  24  to  4.  67  and  over  a  simulated  altitude  range  from  sea  level  to 
60,000  ft. 


SECTION  II 
APPARATUS 


2.1  RANGE 

Range  G  consists  of  a  10-ft-diam,  1000-ft-long  tank  that  is  contained 
within  an  underground  enclosure  (see  Fig.  1).  It  is  a  variable  density 
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aerodynamic  range  and  has  an  840 -ft  instrumented  length  that  includes 
43  equally  spaced,  dual-plane  shadowgraph  stations.  The  shadowgraph 
system  permits  determining  the  angular  orientation  and  position  of  most 
test  configurations  to  within  approximately  ±0.  25  deg  and  ±0.002  ft, 
respectively,  at  each  station.  A  timing  system  provides  corresponding 
timing  values  to  within  3  x  10“ ?  sec.  The  launcher  normally  used  with 
this  range  is  a  2-stage,  light-gas  gun  having  a  2.  5-in.  -diam  launch  tube. 
However,  this  launcher  was  not  used  for  the  special  tests  reported  here. 

In  the  present  tests  the  shells  were  fired  from  a  20-mm  cannon.  Two 
barrels,  one  with  a  rifling  of  one  turn  in  30  calibers  and  a  second  barrel 
with  a  rifling  of  one  turn  in  40  calibers,  were  used  with  the  cannon  which 
was  provided  by  RTD.  The  cannon  wras  positioned  in  the  blast  tank  section 
of  the  range  in  contrast  to  the  normal  launcher  position  shown  in  Fig.  1. 

A  photograph  of  the  cannon  and  its  support  system  is  shown  in  Fig.  2, 
indicating  that  the  cannon  was  well  secured. 


2.2  MODELS  AND  TEST  CONDITIONS 

Modifications  made  in  the  20-mm  shell  over  the  past  several  years 
have  resulted  in  several  designations  for  the  slightly  different  configura¬ 
tions.  In  the  present  tests,  the  shell  configuration  designated  M56A2  with 
a  M505E3  fuze  (located  in  the  nose  section  of  the  shell)  was  the  primary 
configuration  tested.  A  sketch  of  the  M56A2  configuration  is  shown  in 
Fig.  3a,  and  a  shadowgram  of  a  shell  in  flight  is  shown  in  Fig.  3b.  The 
M505E3  fuze  is  one  that  contains  a  moving  arming  ball  rotor.  In  a  few 
rounds  the  ball  was  ’’fixed"  with  an  adhesive,  and  a  few  other  rounds  were 
equipped  with  solid  steel  nose  sections.  These  modified  rounds  were  used 
to  provide  reference  data  for  evaluating  the  effects  of  the  moving  bail  fuze. 
Further,  for  comparison  purposes,  a  few  shots  were  fired  using  the  T282E1 
configuration  with  a  M505A2  fuze.  The  M505A2  fuze  also  has  a  moving 
arming  ball  rotor  and  differs  only  slightly  from  the  M505E3  fuze.  The 
T282E1  configuration,  used  in  the  tests  of  Refs.  1  and  2,  has  an  exterior 
geometry  that  differs  slightly  from  the  M56A2  geometry.  The  geometry 
differences  are  small  enough,  however,  that  no  appreciable  differences 
between  the  aerodynamic  characteristics  of  the  M56A2  and  T282E1  config¬ 
urations  would  be  expected.  The  measured  physical  properties  of  the  20-mm 
rounds  for  which  aerodynamic  data  were  obtained  are  presented  in  Table  I. 
These  measurements  were  made  at  AEDC. 

The  initial  disturbances  in  the  yawing  motion  of  the  shells  were  obtained 
from  the  normal  gun  effects.  During  the  program,  when  shell  instability 
did  not  seem  as  great  as  RTD  expected,  there  was  a  small  effort  to  induce 
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larger  initial  launching  disturbances.  Attempts  to  augment  the  normal 
initial  disturbances  to  the  shells  by  various  devices  positioned  at  the 
muzzle  end  of  the  gun  proved  unsatisfactory.  Shadowgrams  and  X-ray 
photographs  were  used  to  ensure  that  the  rifling  band  was  intact  for  all 
data  shots. 

In  the  present  tests  the  range  pressure  was  varied  from  atmospheric 
pressure  down  to  55  mm  Hg,  and  the  corresponding  Reynolds  number,  based 
on  shell  length  and  free-stream  conditions,  ranged  from  0.  25  x  106  to 
6.  73  x  106. 


SECTION  III 

DATA  REDUCTION  PROCEDURES 


For  the  majority  of  the  test  shots,  the  drag  coefficient,  Cp>,  was  eval¬ 
uated  by  fitting  a  cubic  equation,  by  the  least  squares  method,  to  the  time- 
position  data.  This  is  consistent  with  conventional  range  practices  (Ref.  4). 
For  some  of  the  simulated  high  altitude  shots,  the  deceleration  of  the  20-mm 
shell  was  small  enough  that  the  Cpj  values  could  be  better  evaluated  using  the 
slope  of  the  curve  of  shell  velocity  as  a  function  of  distance  traveled;  in  this 
procedure  velocity  values  are  computed  over  range  intervals  between  consecu¬ 
tive  shadow'grapb  stations.  The  procedure  is  advantageous  when  the  velocity 
drop  over  the  range  interval  is  less  than  about  two  percent  of  the  velocity, 
and,  for  this  condition,  an  assumed  linear  velocity  variation  is  quite  satis¬ 
factory.  The  total  drag  coefficient  was  adjusted  to  a  zero  yaw  angle  with  the 
usual  relationship  in  range  testing,  viz, 

__  2 

Cn  =  CDo  +  CS  (1) 

The  corresponding  values  of  C  for  the  different  test  conditions  were  obtained 
from  plots  of  Cp>  as  a  function  of  5^ . 

The  stability  derivatives  wrere  evaluated  in  an  analysis  of  the  angular 
motion  of  the  shell  with  the  following  equation: 

£  =  K,  exp^(/t!  +  i  ©t )  xl  -  exp  p  +  i<6,)xj  +  K}  exp(ipx)  (2) 

Equation  (2),  defining  tricyclic  motion,  is  the  solution  of  the  linear  dif¬ 
ferential  equation  (Ref.  5)  for  general  rolling,  yawing  model  motion.  Its 
use  is  restricted  to  models  having  slight  configurational  asymmetries, 
linear  variations  of  force  and  moment  with  yaw  angle,  and  a  constant  p/V 
ratio.  Equation  (2)  is  fitted  to  the  variations  of  the  measured  components 
of  the  complex  yaw  angle  with  distance  traveled,  using  a  differential  cor¬ 
rections  procedure.  There  are  ten  equation  constants  to  be  determined  in 
fitting  Eq.  (2).  The  K's,  in  general,  are  complex  numbers;  however. 
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p  can  be  expressed  as  a  function  of  and  </> 2-  The  desired  stability 
parameters  can  be  expressed  in  terms  of  the  determined  equation  con¬ 
stants  by  the  following  relationships: 


CMq  =  (21y/d/js)  <£,  <£j 

D  =  (/t,  fit )  (2  m/  ps  ) 


(3) 

(4) 


CMpa  =  j^T  ( 2  m  /  ps)  -  Cnq  +  CD]  ka 


(5) 


where 


T 


1/2 


+ 


-  (fi,  +  hj)  v 


(6) 


In  fitting  an  equation  using  the  differential  connections  procedure, 
which  is  an  iterative  process,  it  is  necessary  to  determine  first  a  set  of 
approximate  or  initial  values  for  the  equation  constants  to  be  evaluated. 
The  errors  in  the  determined  initial  values  must  be  sufficiently  small  to 
permit  the  iterative  process  to  converge.  In  determining  the  initial  values 
for  a  spin-stabilized  shell,  it  is  usually  adequate  to  assign  zero  values  for 
ft  1 ,  and  K3.  The  remaining  initial  values  are  normally  determined 
from  the  measured  angular  motion  as  demonstrated  in  the  sketches  below. 


ia  ia 


as  rotating  vectors  in  the  complex  yaw  plane.  For  a  spin-stabilized  shell 
4>2  and  a  typical  pattern  of  the  motion  defined  by  the  two  vectors 

is  shown  in  the  sketch  on  the  right.  If  the  angular  motion  can  be  suf¬ 
ficiently  defined  by  the  plotted  (0,«)  values,  then  relationships  between 
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the  measured  motion  pattern  and  the  Kqexp  (i^x)  and  K2exp(i<^2x)  vectors 
permit  obtaining  adequate  initial  values  for  the  <*2,  Kq,  an^  ^2  param¬ 
eters. 

To  give  an  indication  of  a  typical  motion  pattern,  the  20 -mm  shell  at 
M  =  3.  5  and  atmospheric  pressure  has  a  shell  travel  distance  per  loop  of 
the  motion  pattern  of  approximately  17.5  ft.  In  a  ballistic  range  designed 
for  testing  spin -stabilized  projectiles,  the  station  spacing  is  usually  about 
5  ft  or  less  in  portions  of  the  range;  hence,  the  basic  motion  pattern  usually 
can  be  defined  adequately  with  the  measured  (0,  a)  values.  In  Range  G  with 
a  nominal  station  spacing  of  20  ft  (on  the  order  of  one  station  per  loop)  the 
problem  of  defining  the  motion  pattern  of  a  spin-stabilized  shell  can  be 
critical.  The  problem  has  been  magnified  in  the  present  tests  because  of 
the  wide  bands  of  range  pressure  and  Mach  number  of  the  tests  in  conjunc¬ 
tion  with  using  different  barrel  rifling.  To  circumvent  this  problem,  initial 
values  for  the  ^'s  were  evaluated  from  a  simplified  equation  of  motion,  i.  e,  , 

£  -  i  (p/V)  (Tx/Iy)  f  -  (Vs  d  Cmg/2Ij, )  £  =  0  ^ 

where 

o’s  =  (lx/2Iy)  (p/V)  +  J[(Ix/2Iy)  (p/'V)J‘  -  (psd  CMa/2Iy j  (8) 

Equation  (7)  defines  the  model  motion  corresponding  to  conditions  for 
Cn  =  +  Cm*)  =  0;  however,  it  furnishes  excellent  approximations 

for  the  angular  velocities  of  the  two  rotating  vectors  of  an  axisymmetric 
model  having  nonzero  values  for  the  and  (C^j  +  Cm*)  derivatives. 

In  evaluating  <p's  for  a  test  shot  with  Eq.  (8),  the  p/V  ratio  was  determined 
from  the  nominal  rifling  of  the  barrel,  and  an  approximate  Cm^,  value  was 
obtained  from  available  experimental  data.  By  using  the  4>'s  evaluated  by 
the  above  procedure,  the  corresponding  initial  values  for  the  components 
of  the  amplitudes  of  the  two  vectors  were  approximated  from  the  plotted 
0,a)  values.  This  approach  proved  extremely  useful  as  the  quality  of  the 
initial  values  for  the<p's  is,  in  general,  particularly  sensitive  in  the  curve 
fitting  procedure. 

The  angular  motion  of  several  test  shots  was  too  small  to  permit  a 
stability  analysis.  However,  it  should  be  pointed  out  that  some  test  shots 
with  motion  of  sufficient  amplitude  required  more  than  one  attempt  to 
determine  an  adequate  set  of  initial  values  for  the  amplitudes  of  the  two 
vectors;  further,  there  were  a  few  shots,  with  sufficient  amplitude  but  hav¬ 
ing  critical  motion  patterns,  for  which  a  satisfactory  set  of  initial  values 
could  not  be  found. 
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SECTION  IV 

RESULTS  AND  DISCUSSION 


Results  of  the  present  tests  of  the  20-mm  shell  are  tabulated  in 
Table  II.  The  various  aerodynamic  parameters  obtained  are  presented 
in  Figs.  4  through  10.  Also  shown  in  some  of  the  figures  for  comparison 
purposes  are  data  for  the  20-mm  shell  from  Refs.  1  and  3.  All  test  shots 
of  modified  rounds  are  defined  in  Table  I.  However,  for  simplicity  the 
aerodynamic  data  presented  in  the  figures  for  modified  rounds  incorporat¬ 
ing  steel  noses  are  included  in  the  category  of  "ball-fixed"  data. 

It  is  significant  in  viewr  of  the  previously  mentioned  analytical  study 
that  the  experimental  data  of  Table  II  indicate  rather  small  values  for  the 
maximum  amplitude  of  the  yawing  motion  and  for  the  dispersion  in  the 
trajectory  data.  The  maximum  amplitude  of  the  yawing  motion  measured 
in  the  1000 -ft  range  tests  was  about  17  deg.  The  maximum  angular  motion 
measured  corresponded  to  rounds  with  fuzes  having  arming  ball  rotors. 

No  apparent  correlation  of  the  amplitude  of  the  angular  motion  with  altitude 
was  indicated.  It  was  difficult  to  evaluate  shell  dispersion  because  it  was 
necessary  to  adjust  the  barrel  alignment  during  the  tests  to  compensate 
for  gravity  effects  when  the  launch  velocity  was  changed.  However,  the 
downrange  positions  of  the  many  rounds  relative  to  the  nominal  centerline 
of  the  range  indicate  that  there  were  no  appreciable  altitude  effects  or  fuze 
effects  in  the  dispersion  of  the  rounds  over  the  range  length  for  the  tests 
reported  herein. 

Drag  coefficient  as  a  function  of  Mach  number  is  shown  in  Fig.  4a. 

The  figure  includes  data  points  measured  at  the  various  simulated  altitudes 
and  some  from  Ref.  3.  Although  the  drag  coefficient  is  listed  in  Fig.  4a 
as  Cp>  ,  the  plot  includes  some  Cg)  values  corresponding  to  small  amplitude 
°  -  2 

shots  for  which  6  values  were  not  evaluated.  However,  for  the  restricted 
shell  amplitudes  the  differences  between  Cg>  and  CpjQ  values  are  not 
appreciable.  The  Cp)  values  of  the  present  tests  do  not  indicate  any  detect¬ 
able  fuze  effect,  and  t?iey  agree  well  with  the  20-mm  shell  data  of  Refs.  1 
and  3.  The  apparent  scatter  of  data  in  Fig.  4a  is  largely  caused  by  varia¬ 
tions  in  Reynolds  number.  The  Cdq  values  obtained  at  atmospheric  pres¬ 
sure  and  at  the  60,  000 -ft  simulated  altitude  are  shown  in  Fig.  4b  to  demon¬ 
strate  the  measured  difference  in  the  drag  coefficient  associated  with  the 
corresponding  change  in  Reynolds  number.  In  the  latter  figure,  with  the 
influence  of  Reynolds  number  accounted  for,  data  scatter  is  slight. 

The  static -stability  derivative,  CM  ,  is  plotted  as  a  function  of  Mach 
number  in  Fig.  5.  No  appreciable  fuze  effects  or  altitude  effects  are  indi¬ 
cated  in  the  measurements.  Data  from  Refs.  1  and  3  agree  -well  with  the 
measurements  of  the  present  tests. 
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The  damping  parameter,  D,  is  shown  in  Fig.  6  as  a  function  of  Mach 
number.  It  should  be  noted  that  for  a  model  in  free  flight  D  is  more 
significant  in  defining  the  damping  characteristics  of  the  model  than  the 
damping- in-pitch  derivatives  alone.  The  damping  values  obtained  in  the 
present  tests  are  in  general  agreement  with  data  of  Refs.  1  and  3  and 
indicate  that  the  20 -mm  shell  fuze  with  the  moving  arming  ball  rotor  can 
have  an  appreciable  adverse  effect  on  the  damping  characteristics  of  the 
shell.  Further,  the  data  indicate,  that  in  general,  this  instability  (denoted 
by  a  positive  damping  parameter)  increased  with  increasing  altitude.  The 
stability  analysis  used  in  the  present  case  presumes  a  rigid  model;  it  should 
be  pointed  out  that  any  mechanical  effect  from  the  fuze  will  then  be  meas¬ 
ured  as  an  apparent  aerodynamic  effect,  and  hence  the  measured  aerody¬ 
namic  parameters  should  be  interpreted  accordingly.  Figure  7  presents 
examples  of  the  angular  motion  of  a  round  with  the  M505E3  fuze  and  of  a 
round  with  the  same  fuze  but  with  the  ball  fixed.  To  aid  the  clarity  of  the 
figure,  only  portions  of  the  motions  of  the  two  rounds  have  been  plotted. 

Both  rounds  were  fired  at  a  simulated  altitude  of  60,  000  ft,  and  the  meas¬ 
ured  motion  clearly  demonstrates  the  marked  effect  of  the  fuze  on  the 
damping  of  the  shell  motion  at  that  altitude.  It  should  be  noted  that  the 
apparent  inconsistencies  in  the  measured  damping  values  (rounds  having 
fuzes  with  arming  ball  rotors)  for  similar  test  conditions  appear  quite 
reasonable.  This  follows  from  the  known  criticalness  of  a  loose  component 
on  the  damping  of  a  simple  oscillating  mechanical  system. 


The  damping-in-pitch  derivatives  (Cm  +  Cm-  )  have  been  separated 
from  the  damping  parameter  and  are  presented  in  Fig.  8.  Variations  in 
the  (Civfq  +  CmJ  values  with  Mach  number  are  similar  to  the  variations 
in  the  total  damping  measurements.  In  separating  the  (Cm  +  Cm-)  values 
from  the  total  damping  parameter,  Cj^  values  from  Ref.  1  were  used. 


The  Magnus-moment  derivative,  C 


M 


pa 


as  a  function  of  Mach  number 


is  shown  in  Fig,  9.  The  measurements  are  in  general  agreement  with  the 
data  from  Refs.  1  and  3,  and  no  detectable  fuze  effects  are  indicated. 


The  damping  rates  of  the  processional  and  nutational  vectors  are  shown 
as  functions  of  Mach  number  in  Fig.  10  for  the  simulated  altitude  of  60,  000  ft. 
The  measurements  indicate  that  the  damping  effect  attributable  to  the  shell 
fuze  (with  the  arming  ball  rotor)  is  primarily  restricted  to  the  nutational 
vector.  This  is  consistent  with  the  measurements  at  atmospheric  pressure 
reported  in  Ref.  1. 


There  were  no  detectable  amplitude  or  rifling  effects  indicated  in  any 
of  the  data  obtained  for  the  ranges  of  these  two  parameters  covered  in  the 
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tests.  It  should  be  noted  that  the  motion  of  a  shell  can  be  affected  by 
the  initial  conditions.  However,  the  cannon  that  was  used  in  the  present 
tests  was  particularly  well  secured,  as  previously  discussed.  Consist¬ 
ent  with  previous  comments,  there  were  certain  combinations  of  test 
conditions  for  which  it  was  difficult  to  obtain  stability  data  (see  Table  II). 
For  example,  in  tests  at  atmospheric  pressure  the  change  in  p/V  over 
the  length  of  the  range  was  too  large  to  permit  fitting  the  yaw  equation 
to  the  measured  motion.  However,  the  motion  could  be  fitted  over  por¬ 
tions  of  the  range.  Another  set  of  critical  test  conditions  was  at  the  simu¬ 
lated  altitude  of  60,000  ft  and  a  barrel  rifling  of  one  turn  in  40  calibers. 
For  these  conditions  the  shell  traveled  approximately  20  ft  longitudinally 
per  loop  of  the  angular  motion  pattern.  Hence,  the  angular  values  of  the 
motion  (in  the  complex  yaw  plane)  measured  at  the  shadowgraph  stations 
tended  to  be  grouped  together.  Although  the  combination  of  critical  test 
conditions  and  small  amplitude  motion  has  limited  the  amount  of  stability 
data  obtainable  from  the  present  tests,  the  data  obtained  should  be  very 
useful  in  an  analysis  of  the  20-ram  M56A2  shell  configuration. 


SECTION  V 

CONCLUDING  REMARKS 


Results  of  tests  conducted  in  Range  G  indicate  that  the  20-mm  M56A2 
rounds  had  much  smaller  dispersion  and  angular  motion  than  predicted  in 
a  previous  analytical  study  made  at  Eglin  Air  Force  Base.  The  arming 
ball  rotor  of  the  M505E3  fuze  produced  a  marked  degree  of  dynamic 
instability  at  the  simulated  60,000-ft  altitude  in  the  present  tests.  A 
smaller  drag  coefficient  was  measured  throughout  the  Mach  number  range 
at  the  60,  000 -ft  simulated  altitude  than  was  measured  at  atmospheric 
pressure.  Static  stability,  Magnus  moment,  and  drag  coefficients  at  lower 
simulated  altitudes  and  Mach  numbers  are  in  good  agreement  with  previously 
published  results. 
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Fig.  4  Drag  Coefficient  for  Zero  Yaw  Angle 
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d  Computed  yaw  angle  corresponding  to  a  given 
shadowgraph  station.  (The  number  adjacent 
to  the  symbol  is  the  station  number.  Stations 
are  numbered  from  the  launcher  end  of  the 
range.) 

*  Measured  yaw  angle  for  the  corresponding 
shadowgraph  station. 

NOTE:  There  are  approximately  1-13  motion 
loops  in  a  20  ft  station  interval. 

ia,  deg 


/ 


-  Motion  Pattern  from  Initial  Portion  of  the  Flight 

- Motion  Pattern  from  Middle  Portion  of  the  Flight 

- Motion  Pattern  from  End  Portion  of  the  Flight 


O.  M  =  3.97 

Fig.  7  Computed  Motion  of  the  20-mm  M56A2  Shell  with  M505E3  Fuze 
at  a  Simulated  Altitude  of  60,000  ft 
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□  Computed  yaw  angle  corresponding  to  a  given 
shadowgraph  station.  (The  number  adjacent 
to  the  symbol  is  the  station  number.  Stations 
are  numbered  from  the  launcher  end  of  the 
range.) 

a  Measured  yaw  angle  for  the  corresponding 
shadovwjraph  station. 

NOTE:  There  are  approximately  1-1/3  motion 


loops  in  a  20-ft  station  interval, 
ia,  deg 


-  Motion  Pattern  from  Initial  Portion  of  the  Flight 

- Motion  Pattern  from  Middle  Portion  of  the  Flight 

- Motion  Pattern  from  End  Portion  of  the  Flight 

b.  M  -  3.93  (Boll  Fixed) 

Fig.  7  Concluded 
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Fig-  8  Damping-in-Pitch  Derivatives 
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Fig*  10  Precessional  and  Nutqtional  Yaw  Damping  Rates 
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TABLE  I  (Concluded) 


Shot 

Number 

Configuration 

Mass. 

gm 

eg* 

Iy  x  104 
in.  -lb-sec^ 

lx  x  104 
in.  -lb-sec^ 

A-42 

M5GA2,  M505E3  (Ball  Fixed) 

2. 9918 

100. 6556 

59.  12 

3.  618 

0.  4788 

A-43 

3.0051 

101. 4805 

58.  96 

3.  6G9 

0.  484  7  “| 

A -44 

3.  0072 

101. 4806  58.  90 

3.  676 

0.4873 

A-45 

3.0042  1 

101.  2811 

59.  07 

3.  678 

0.  4900 

A-46 

3.0007 

101.  5422 

58.  96 

3.661 

0.  4863 

A-47 

2.  9982 

101 . 6188 

58.78  3.647 

0.4852 

A -4  8 

MS6A2,  M505E3 

3. 0036 

102. 0689 

58.  83 

3.  663 

0.  4880 

A-49 

M56A2,  M505E3  (Ball  Fixed) 

3.  0024 

102. 9395 

59.  12 

3.  712 

0. 4964 

A  -50 

3.0067 

102.4244 

58.88 

3.  706  T  0.4988 

I  A-51 

3. 0098 

102.2863 

58.  93 

3.675  0.4973 

A-52 

3.0081 

102.4363 

58.  94 

3.  710 

0.  4385 

t  A-53 

2. 9979 

102. 3928  ^ 

59.  25 

3.  640 

0.  4904 

A-54 

M56A2,  M505E3 

3.0004  ' 

'102.2744  58.98 

3.  674 

0.  -1848 

B-l 

2. 9959 

102.4773  59.  15 

3.  659 

0.  488-4 

B-2 

3.000G  102.3648 

59.  00 

3.  664 

0.  4886 

B-3 

3. 0016  [ 102. 2089  H 

'59.  10 

3.  673 

0. 4878 

B-4 

3.0012 

101. 9575 

59.  10 

3.  663 

0. 4865 

B-5 

2. 9978 

102. 2315 

59.  34 

3.  656 

0.  4909 

B-G 

3. 0037 

102. 3891 

r5«.  9i 

3.  684 

0.  4895 

B-7 

3. 0015 

102. 3580 

59.  18 

3.  677 

0.  4875 

B-8 

M5GA2.  M505E3  (Ball  Fixed) 

2. 9971 

101. 3611 

'59.  38 

3.651  0.4883 

B-9 

3.0042 

102.0511 

58.  93 

3.G6G  0.4869 

B-  10 

2. 9987 

102. 5402  ^ 

'59.  10 

3.  691 

0.4903 

B-  1 1 

2.9996 

102. 5827  ' 

r59.  05  3.670 

0.  4884 

■39 

2.  9972 

102.4038 

59.  07 

0. 5005 

MBEM 

M5GA2,  M505E3 

3.0024  102.1821 

58.  85 

0. 4867 

M56A2,  M505E3  (Ball  Fixed) 

2.9993  102.3513 

B-  15 

M5GA2,  M505E3 

2.9979  102.4621 

59.  20 

3.668  0.4880 

B- 16 

M56A2.  M505E3  (Ball  Fixed) 

3.0053 

102.3822 

58.  94 

3.  705  1  0. 4873 

B-17 

M56A2.  M505E3 

3. 0032 

102.4956 

59.  15 

i  3. 674 

0.4890 

B- 18 

3.0082 

102.4064 

58.  91 

3.  695 

0.  4875 

B-19 

3. 0054 

102.096G  59.13 

3.  663 

0.  4917 

B-20 

3.0002  102.2864 

58.  98 

3.  67G 

0.  4890 

B-21 

2. 9920  102. 3678 

59.  14 

3.664 

0.  4904 

B-22 

3. 0028 

102. 2375 

58.  93 

3.  674 

0.  4877 

B-23 

3.  0015 

102. 5079 

59.  18 

3.  G7G 

0.  4908 

B-24 

3.0024 

102.  1538 

59.  19 

3.  664 

0.  4935 

B-25 

3.  0011 

102. 5551 

59.02 

3.  706 

0.  4928 

B-26 

2.  9991 

102. 2230 

59.26 

3.  670 

0.  4930 

♦  Percentage  of  model  length  from  the  nose 

NOTE:  Measured  model  diameter  (d)  (for  all  rounds)  *  0.  7336  in.  ±0.0013. 

"A"  series  designates  barrel  rifling  of  one  turn  in  30  calibers. 

"B"  series  designates  barrel  rifling  of  one  turn  in  40  calibers. 


26 


to 

CO 


TABLE  II  (Continued) 
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